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EP 3 395 525 B1
Description
Technical Field

[0001] The present invention relates to a method for producing a heated molding material using a heating device
provided with a means of expelling oxygen gas existing in a heating chamber using a nitrogen gas or a superheated steam,
and to a heating device for a molding material.

Background Art

[0002] Recently, in the field of machinery, attention has been paid to so-called fiber reinforced molding materials
containing reinforcing fibers such as carbon fibers or the like. In such molding materials, fibers are dispersed in the matrix
resin, and therefore the materials are excellent in tensile modulus, tensile strength and impact resistance and are now
investigated for use for structural members for automobiles, etc. These molding materials can be molded into intended
shapes through injection molding, compression molding, etc.

[0003] Here,inthe case of compression molding of molding materials, the molding materials must be previously heated.
In this connection, PTL 1 describes various methods for heating molding materials. PTL 2 describes a method of producing
a composite material using superheated steam.

Citation List - Patent Literature
[0004]

PTL 1: JP-A-2013-49150
PTL 2: JP-A-2015-47807

[0005] US2010/068518 relates to a long-fiber-reinforced thermoplastic resin molding material, a prepreg that is useful
for obtaining a high-performance fiber-reinforced composite material, a fiber-reinforced composite material using the
same that is suitable for aerospace and general industrial applications, and a method for producing a fiber-reinforced
molding substrate. JP 2013 049150 A relates to a method for producing a shaped product by cold pressing a heated
molding material.

Summary of Invention

Technical Problem

[0006] However, the method described in PTL 1 could not solve the problem of continuously producing a molding
material, and does not investigate in detail a means for expelling an oxygen gas, and is therefore insufficient as shaped
products especially in the evaluation viewpoint of improving the appearance of shaped products after weathering test. The
method described in PTL 2 is for equipment for impregnating a thermoplastic resin in carbon fibers and is not a technique
for heating a molding material for compression molding thereof.

[0007] Accordingly, an object of the present invention is to provide a method for continuously producing a heated
molding material by heating a molding material, and to provide a heating device capable of continuously heating a molding
material.

Solution to Problem

[0008] The invention is defined by the appended claims.

Advantageous Effects of Invention

[0009] The heating device of the present disclosure is provided with a means for expelling an oxygen gas. Accordingly,
even in continuously heating a molding material, the molecular weight of the surface of the molding material hardly lowers
and the shaped product obtained using the molding material has an excellent appearance even after weathering test.

Brief Description of Drawings

[0010]
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Fig. 1 is a schematic view showing one example of a heating device for a molding material.

Fig. 2 is a schematic view showing one example of a heating device having a circulation mechanism.

Fig. 3 is a schematic view showing one example of a heating device in which the position for oxygen gas concentration
measurement are shown.

Fig. 4 is a schematic view showing one example of a heating device

Fig.5is a schematic view of a cross section of a shaped product produced by compression-molding a molding material
in the present invention, and is an explanatory view for a surface layer region and a central region.

Description of Embodiments
(Heating Device)

[0011] The heating device for a molding material of the present disclosure is a device for continuously heating a molding
material, and the heating device includes a heating chamber for heating a molding material; at least one opening section
for supplying or discharging a molding material; and a means for expelling an oxygen gas existing in the heating chamber,
using a nitrogen gas or a superheated steam.

[0012] Specifically, the heating device of the present disclosure can heat a molding material continuously but not batch-
wise, and therefore, as compared with any conventional production method, the heating device can efficiently heat a
molding material. The method for conveying a molding material is not specifically limited, and a belt conveyor or the like
may be used for conveying a molding material.

[0013] For heating a molding material in the present invention, the oxygen gas existing in the heating chamber is
expelled and amolding material is heated in alower oxygen gas atmosphere than air, and in heating a molding material, the
atmosphere is kept to have a lower oxygen gas concentration than air. The oxygen gas concentration will be described
below.

(Heating Chamber)

[0014] The heating chamber for use in the presentinvention is, for example, the part 102 (surrounded by the dotted line)
in Fig. 1, and is not specifically limited so far as it has a space capable of heating a molding material, and may be any known
one. The material of the inner wall of the heating chamber is not also specifically limited, butin the case where awater vapor
is introduced thereinto, the material is preferably SUS (stainless steel plate) from the viewpoint of corrosion proofing.

(Opening Section)

[0015] The opening section is for supplying or discharging a molding material, and the heating device is provided with at
least one opening section (for example, 104 in Fig. 1), butis preferably provided with two opening sections of a supply part
and a discharge part for a molding material (for example, 207 and 208 in Fig. 2). The size and the shape of the opening
section are not specifically limited so far as they are a size and a shape capable of carrying a molding material
therethrough.

[0016] The supply mode and the discharge mode for a molding material through the opening section are not specifically
limited, and may be a labyrinth system or an openable system, but is preferably an openable system from the viewpoint of
equipment.

[0017] As the opening section is an openable system that is openable and closable, there is a high possibility that
external air may enter the heating chamber while the opening section is kept open, and therefore, the opening time is 1
second or more and 10 seconds or less per one opening thereof, preferably 1 second or more and 7 seconds or less, more
preferably 2 seconds or more and 5 seconds or less.

(Means for Expelling Oxygen Gas)

[0018] The means for expelling an oxygen gas in the present invention expels an oxygen gas by extruding it using a
nitrogen gas or a superheated steam, and on the way, after an oxygen gas has been once drawn off (partly or entirely) by
pressure control, a nitrogen gas or a superheated steam may be charged in the chamber. The oxygen gas to be expelled is
air-derived one, and in expelling the oxygen gas, air is also expelled at the same time.

[0019] From the viewpoint of equipment, preferably, the oxygen gas is expelled by filling with a nitrogen gas or a
superheated steam, that is, by purging with a nitrogen gas or a superheated steam. The heating device of the present
disclosure is for continuously producing a molding material, and therefore air (containing an oxygen gas) comes therein
through the opening section for supplying or discharging a molding material. Consequently, it is desirable that a nitrogen
gas or a superheated steam is kept continuously introduced into the chamber until heating all the molding material is
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finished.

[0020] The means for expelling the oxygen gas in the presentinvention uses a nitrogen gas or a superheated steam, but
a gas containing a nitrogen gas or a superheated steam may be used, that is, any other inert gas (for example, an argon
gas) or a saturated water vapor may be used at the same time in such a degree that the object of the present invention can
be attained.

[0021] The method of expelling the oxygen gas existing in the heating chamber using a superheated steam is not
specifically limited, but preferably a heating device equipped with a mechanism of introducing a saturated water vapor into
the heating device under a pressure higher than an atmospheric pressure is used. This embodimentis extremely preferred
from the viewpoint of equipment, not requiring a superheated steam generating device (for example, super-heater) to
previously prepare a superheated steam. The mechanism of introducing a saturated water vapor under a pressure higher
than an atmospheric pressure is a mechanism of such that, as shown by 205 in Fig. 2, a saturated water vapor is prepared
outside the heating device, and this is introduced into the heating device. After introduced into the heating device, the vapor
may be a superheated steam inside the heating device, and for example, the saturated water vapor may be heated in the
vapor flow path that circulates by a circulating device to be mentioned below (209 in Fig. 2) to be thereby a superheated
steam, or during the part to reach the flow path (for example, the part shown by the dotted line of 401 in Fig. 4), the vapor
may become a superheated steam.

[0022] Preferably, the lower limit of the pressure of the saturated water vapor is an atmospheric pressure or more for
preventing backward flow. For the purpose of illustration, 205 in Fig. 2 is a saturated water vapor, but when a nitrogen gas is
used, 205 in Fig. 2 is a nitrogen gas.

(Oxygen Gas Concentration in Heating Chamber)

[0023] The oxygen gas concentration in the heating chamber is not specifically limited, but is preferably 10 vol% or less,
more preferably 5 vol% or less, even more preferably 3 vol% or less.

[0024] When the oxygen gas concentration in the heating chamber is 10 vol% or less, reduction in the molecular weight
of the shaped product after heating can be more effectively suppressed. "Vol%" as referred to herein means the volume
ratio in the atmospheric gas.

[0025] Regardingthe position for measurement of the oxygen concentration, the oxygen concentration near the molding
material in the heating chamber may be measured, and for example, preferably, the concentration is measured at four
points shown by 301 in Fig. 3.

[0026] Preferably, a nitrogen gas or a superheated steam is kept continuously introduced into the chamber until the
entire heating material is completely heated (until continuous production of a heated molding material is finished), and by
specifically so controlling that the vapor could flow from the heating chamber toward the outside of the heating device, the
oxygen gas concentration may be prevented from increasing even near the opening section.

(Circulation Mechanism)

[0027] Preferably, the heating device of the present disclosure has a circulation mechanism. The circulation mechanism
is to circulate the gas inside the heating chamber in a predetermined direction so as to run through a heater to heat the gas
inside the heating chamber. In Fig. 2, the gas inside the heating chamber is circulated by the blower (204) and the vapor is
heated by the heater (203). The circulating direction is not specifically limited, and may be in any direction. 209 in Fig. 2
shows the flow path of the gas that is circulated by the circulation mechanism. More preferably, from the viewpoint of
equipment protection, a part of the circulating vapor is discharged on the way of the flow path (for example, the gas is
discharged through the exhaust port of 206 in Fig. 2).

[0028] The gas circulation by the circulation mechanism is a forced convection and is not a natural convention by
heating. Consequently, itis recommended to install an ordinary circulation device such as a blower (204 in Fig. 2) or the like
in the present invention.

(Mechanism of Jetting Nitrogen Gas, Superheated Steam or Saturated Water Vapor)

[0029] The method of introducing a nitrogen gas or a superheated steam into the heating chamber is not specifically
limited, but preferably the heating device is provided with a mechanism of jetting a gas that contains at least one of a
nitrogen gas, a superheated steam or a saturated steam in the same direction as the circulating direction of the gas
circulated by the circulation device. In one example of this case, a gas that contains at least one of a nitrogen gas, a
superheated steam or a saturated water vapor may be jetted into the flow path of the gas circulated by the circulation device
to thereby efficiently lower the oxygen gas concentration. More specifically, a gas that contains at least one of a nitrogen
gas, asuperheated steam or a saturated water vapor may be jetted in the arrowed direction shown by 210in Fig. 2. In Fig. 2,
a gas that contains at least one of a nitrogen gas, a superheated steam or a saturated water vapor is jetted at 210, but the
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jetting site is not specifically limited so far as it is in the direction of vapor circulation to be attained by the circulation
mechanism.

[0030] Asagenerallocal ventilation method, there are known a displacement ventilation system and a mixing ventilation
system. For enhancing the ventilation efficiency, a system where the ventilation flow direction is in one direction is effective.
Alsointhe presentdevice, preferably, the gas inside the heating chamber could be efficiently purged with a nitrogen gas or
asuperheated steam, and therefore, the jetting direction of the gas containing at least one of a nitrogen gas, a superheated
steam or a saturated water vapor is preferably in the same direction as the flow direction of the gas to be circulated in the
chamber.

[0031] Regarding the same direction, the two directions do not have to be completely in the same direction, but a
nitrogen gas or a superheated steam may be jetted in the direction falling within a range of 30 degrees or less relative to the
circulating direction, more preferably in the direction falling within a range of 15 degrees or less.

[0032] The temperature of the circulating vapor is preferably higher than the saturated water vapor temperature at an
atmospheric pressure.

[0033] Inthe presentinvention, atmospheric pressure includes a standard atmospheric pressure (1013.25 hPa) and a
pressure around it, and also includes a pressure falling within a range of ordinary atmospheric pressure change.

(Heating Temperature of Molding Material)

[0034] The temperature of the heated molding material is not specifically limited, but from the viewpoint of improving
moldability, a preferred heating temperature of the molding material is a temperature higher than the melting point of a
crystalline resin by 10°C or more when the thermoplastic resin in the heated molding material is the crystalline resin, or a
temperature higher than the glass transition temperature of an amorphous resin by 100°C or more when the thermoplastic
resin is the amorphous resin. In the case where the thermoplastic resin is a crystalline resin, a more preferred heating
temperature of the molding material is a temperature higher than the melting point by 20°C or more, even more preferably,
the heating temperature of the molding material is a temperature higher than the melting point by 30°C or more, especially
preferably, the heating temperature of the molding material is a temperature higher than the melting point by 50°C or more,
and most preferably, the heating temperature of the molding material is a temperature higher than the melting point by 60°C
or more.

[0035] Inthe above-mentioned PTL 1 (JP-A-2013-49150), the heating temperature is low relative to the melting point of
the thermoplastic resin contained in the molding material, and the molding material is not molded by heating in a severe
environment.

[0036] Formoreimproving the flowability thereof, the molding material must be heated in a further severer environment.
In the heating device of the present disclosure, even when a molding material is heated in such a severe environment,
reduction in the molecular weight of the thermoplastic resin existing in the surface area region of the molding material can
be effectively suppressed. Accordingly, reduction in the molecular weight in the surface layer area of the shaped product
after cold pressing can be suppressed, and therefore a press shaped product excellent in appearance and weather
resistance can be obtained.

(Thickness of Molding Material)

[0037] The thickness of the molding material before heating is not specifically limited, but is preferably 0.5 mm or more
for more noticeably attaining the object of the present invention. When the molding material before heating is thin, the
molding material can be heated inside it even though the heating time in a severe environment is short; but when the
thickness of the molding material before heating is 0.5 mm or more, long-term heating in a severe environment is needed
for heating the inside of the material. When a molding material is heated for a long period of time in a severe environment,
the molecular weight in the surface thereof more noticeably lowers, and therefore, according to the technique of the
present invention, the molding material can be more effectively heated (without lowering the molecular weight of the
surface thereof).

[0038] In the above-mentioned PTL 1 (JP-A-2013-49150), the molding material before heating is thin, and therefore
does not have to be heated for a long period of time in a severe environment.

[0039] In the case where the molding material before heating for use in the present invention has a configuration of
laminated multiple layers, the above-mentioned thickness does not indicate the thickness of each layer, but indicates the
total thickness of all the constituent layers combined (before heating). The embodiment of the molding material having the
above-mentioned laminate configuration before heating may be an embodiment of laminated plural layers all having the
same composition, or an embodiment of laminated plural layers each having a different composition.
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(Molding Material)

[0040] The molding material in the present invention is used for compression molding, and before subjected to
compression molding, the molding material is generally heated.

(Surface Molecular Weight of Resultant Shaped Product)

[0041] The molding material heated in the heating device of the present disclosure contains carbon fibers and a
thermoplastic resin and is compression-molded into a shaped product. Preferably, the number-average molecular weight
Mn1 and the weight-average molecular weight Mw1 of the thermoplastic resin existing in at least one surface layer region
ofthe resultant shaped product, and the number-average molecular weight Mn2 and the weight-average molecular weight
Mw?2 of the thermoplastic resin existing in the central region of the shaped product satisfy the following relation:

1.0 < (Mw1/Mnl)/(Mw2/Mn2) <2.6 Formula (4)

[0042] The surface layerregionis aregion within less than 50 um from the surface of the shaped product in the thickness
direction, and the central region is the other region than the surface layer region of the shaped product. For example, the
sample of the central region may be collected from the region that ranges from the center cross section of the shaped
product to less than 50 wm toward the surface thereof.

[0043] Whenaheated molding material is compared with shaped product obtained by cold-pressing the heated molding
material, there is no theoretical difference in the molecular weight between the two, and therefore in the molding material
containing carbon fibers and a thermoplastic resin, which has been heated in the heating device of the present invention,
the number-average molecular weight Mn1’ and the weight-average molecular weight Mw1’ of the thermoplastic resin
existing in the surface layer region of the heated molding material, and the number-average molecular weight Mn2’ and the
weight-average molecular weight Mw2’ of the thermoplastic resin existing in the central region of the heated molding
material may satisfy the following relation:

1.0 < (Mw1/Mnl")/(Mw2'/Mn2') < 2.6 Formula (5)

[0044] Even when the molding material in the present invention is heated under a severe condition, reduction in the
molecular weight of the thermoplastic resin in the surface layer region of the molding material can be suppressed.
Accordingly, reduction in the molecular weight of the surface layer region of the shaped product after cold pressing can be
suppressed, and a shaped product excellent in appearance and weather resistance can be obtained.

[0045] The value of (Mw1/Mn1)/(Mw2/Mn2)is more preferably more than 1.0 and 2.5 orless, even more preferably more
than 1.0 and 2.1 or less, and further more preferably more than 1.0 and 1.8 or less.

[0046] The writers presume that the appearance evaluation has a relatively high relationship to the number-average
molecular weight Mn of the thermoplastic resin existing in the surface layer region.

[Carbon Fibers]

[0047] The molding material for use in the present invention is not specifically limited, but preferably contains carbon
fibers and a thermoplastic resin.

[0048] As one preferred embodiment, an example of the molding material containing carbon fibers is described below.
[0049] The kind of the carbon fibers may be appropriately selected depending on the kind of the thermoplastic resin and
the use of the molding material, and is therefore not specifically limited.

[0050] Above all, from the viewpoint of excellent tensile strength, use of polyacrylonitrile (PAN) -based carbon fibers is
preferred. In the case where PAN -based carbon fibers are used, the tensile modulus thereof is preferably within a range of
100 to 600 GPa, more preferably within a range of 200 to 500 GPa, even more preferably within a range of 230 to 450 GPa.
The tensile strength thereof is preferably within a range of 2000 to 6000 MPa, more preferably within a range of 3000 to
6000 MPa.

(Fiber Length of Carbon Fibers)

[0051] The fiberlength of the carbon fibers may be appropriately determined depending on the kind of the carbon fibers,
the kind of the thermoplastic resin, and the orientation state of the carbon fibers in the molding material, and is therefore not
specifically limited. Accordingly, depending on the intended purpose, continuous fibers may be used or discontinuous
fibers may be used.
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[0052] Inthe case wherediscontinuous fibers are used, the average fiber length thereof is, in general, preferably within a
range of 0.1 mm to 500 mm, more preferably within a range of 1 mm to 100 mm.

[0053] A molding material that contains carbon fibers having an average fiber length of 1 mm or more exhibits extremely
excellent flowability in compression molding thereof, when heated in a severe environment.

[0054] Carbonfibers having a different fiberlength may be used as combined. In other words, the average fiber length of
the carbon fibers for use herein may have a single peak, or may have plural peaks.

[0055] Regarding the average fiber length of carbon fibers, in the case where carbon fibers are cut to have a certain
length using a rotary cutter or the like, the cut length corresponds to the average fiber length, and this is also a number-
average fiber length and a weight-average fiber length. When the fiber length of individual carbon fibers is represented by
Li, the number of the fibers to be analyzed is by j, the number-average fiber length (Ln) and the weight-average fiber length
(Lw) may be determined according to the following formulae (2) and (3) (in the case of a certain cut length, the weight-
average fiber length (Lw) may be calculated according to the calculating formula (2) for the number-average fiber length

(Ln)).

Ln=ZL1/ Formula (2)

Lw = (ZLi*)/(ZLi) Formula (3)
[0056] The average fiberlength to be measured may be a number-average fiber length or a weight-average fiber length.
(Fiber Morphology of Carbon Fibers)

[0057] Irrespective of the kind thereof, the carbon fibers may be a single fiber type formed of a single fiber, or may be a
fiber bundle type formed of plural single fibers.

[0058] The carbon fibers may be all single fiber type or may be all fiber bundle type, or may be in the form of a mixture of
the two types. The fiber bundle as referred to herein indicates that 2 or more single fibers are kept close to each other by a
sizing agent or an electrostatic force, or the like. In the case where bundled fibers are used, the number of the single fibers
constituting each fiber bundle may be almost uniform in the fiber bundles, or may differ. In the case where the carbon fibers
are in a fiber bundle type, the number of the single fibers constituting each fiber bundle is not specifically limited but is, in
general, within a range of 20,000 to 100,000.

[0059] Ingeneral, carbon fibers are in the form of fiber bundles of several thousands to tens of thousands of aggregating
filaments. When the carbon fibers are uses as such, the entangled portions of the fiber bundles are locally thick and, a thin
molding material would be difficult to obtain. Consequently, in general, the fiber bundles are widened or opened before use.
[0060] Regarding the orientation state of the carbon fibers in the molding material, for example, there may be mentioned
a unidirectional orientation where the major axis direction of the carbon fibers is aligned in one direction, and a two-
dimensional random orientation where the major axis direction is randomly aligned in the in-plane direction of the molding
material.

[0061] The orientation state of the carbon fibers may be any of the unidirectional orientation or the two-dimensional
random orientation. The state may also be a disordered orientation that is an intermediate between the above-mentioned
unidirectional orientation and the two-dimensional random orientation (an orientation state where the major axis direction
of the reinforcing fibers is not completely aligned in one direction and is not completely at random). Further, depending on
the fiber length of the carbon fibers, the orientation may be such that the major axis direction of the carbon fibers has an
angle relative to the in-plane direction of the molding material, or may be such that the fibers are aligned in a cotton-like
entangling orientation, or may be such that the fibers are aligned like two-dimensional knitted fabrics such as plain woven
fabrics or twill woven fabrics, or multi-axial woven fabrics, nonwoven fabrics, mats, knits, braided cords, or papers formed
by papermaking with carbon fibers, etc.

[0062] The orientation state may be confirmed by, for example, performing a tensile test measuring tensile moduliin an
arbitrary direction of the molding material and in the direction perpendicular to the arbitrary direction, measuring aratio (E8)
calculated by dividing the larger tensile modulus by a smaller tensile modulus among two tensile moduli measured in the
tensile test. When the ratio of the elastic moduli is nearer to 1, it may be evaluated that the carbon fibers are in a two-
dimensional random orientation. When the ratio calculated by dividing the large one of the elastic modulus values in two
directions perpendicular to each other by the small one is not more than 2, the orientation state is considered to be
isotropic, and when the ratio is not more than 1.3, the orientation state is evaluated to be excellent in isotropy.

(Volume Fraction (Vf) of Carbon Fibers)

[0063] Inapreferred embodimentofacase where the molding material contains carbon fibers and a thermoplastic resin,
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the volume fraction (Vf) of the carbon fibers contained in the molding material, as defined by the formula (1), is, though not
specifically limited, preferably 5 to 80%, more preferably 10 to 80%, even more preferably 10 to 70%, still more preferably
20 to 50%, and most preferably 30 to 40%.

100 X (Volume of carbon fibers)/((Volume of carbon fibers) + (Volume of thermoplastic resin)) Formula (1)

[0064] When the volume fraction (Vf) of the carbon fibers is 5% or more, the reinforcing effect can be expressed
sufficiently with ease.

[0065] On the other hand, when Vfis 80% or less, voids would hardly form in the resultant molding material and the
physical properties of the molding material can improve readily.

[Thermoplastic Resin]

[0066] A preferred embodiment of the molding material containing a thermoplastic resin is described below.

[0067] Thethermoplasticresinis notspecifically limited so far as it can give a molding material having a desired strength,
and may be appropriately selected in accordance with the intended use of the molding material.

[0068] The thermoplastic resin is not specifically limited. The thermoplastic resin may be arbitrarily selected from any
kind of thermoplastic resins having a desired softening point or a melting point depending on the intended use of the
molding material. In general, a thermoplastic resin having a softening point within a range of 180°C to 350°C may be used,
but is not limited thereto.

[0069] The thermoplastic resin includes a polyolefin resin, a polystyrene resin, a thermoplastic polyamide resin, a
polyester resin, a polyacetal resin (polyoxymethylene resin), a polycarbonate resin, a (meth)acrylic resin, a polyarylate
resin, a polyphenylene ether resin, a polyimide resin, a polyether nitrile resin, a phenoxy resin, a polyphenylene sulfide
resin, a polysulfone resin, a polyketone resin, a polyether ketone resin, a thermoplastic urethane resin, a fluororesin, a
thermoplastic polybenzimidazole resin, a vinyl-based resin, etc.

[0070] The polyolefin resin includes, for example, a polyethylene resin, a polypropylene resin, a polybutadiene resin, a
polymethylpentene resin, etc.

[0071] The vinyl based resin includes a vinyl chloride resin, a vinylidene chloride resin, a vinyl acetate resin, a polyvinyl
alcohol resin, etc.

[0072] The polystyrene resin includes, for example, a polystyrene resin, an acrylonitrile-styrene resin (AS resin), an
acrylonitrile-butadiene-styrene resin (ABS resin), etc.

[0073] The polyamide resin includes, for example, a polyamide 6 resin (nylon 6), a polyamide 11 resin (nylon 11), a
polyamide 12 resin (nylon 12), a polyamide 46 resin (nylon 46), a polyamide 66 resin (nylon 66), a polyamide 610 resin
(nylon 610), etc.

[0074] The polyesterresinincludes, forexample, a polyethylene terephthalate resin, a polyethylene naphthalateresin, a
polybutylene terephthalate resin, a polytrimethylene terephthalate resin, a liquid-crystal polyester, etc. The (meth)acrylic
resin includes, for example, a polymethyl methacrylate.

[0075] The polyphenylene ether resin includes, for example, a modified polyphenylene ether, etc. The thermoplastic
polyimide resin includes, for example, a thermoplastic polyimide, a polyamideimide resin, a polyether imide resin, etc. The
polysulfone resin includes, for example, a modified polysulfone resin, a polyether sulfone resin, etc.

[0076] The polyether ketone resin includes, for example, a polyether ketone resin, a polyether ether ketone resin, a
polyether ketone ketone resin. The fluororesin includes, for example, a polytetrafluoroethylene, etc.

[0077] One alone or two or more kinds of thermoplastic resins may be used in the present invention either singly or as
combined. An embodiment of using two or more kinds of thermoplastic resins includes, for example, though not limited
thereto, an embodiment of using thermoplastic resins differing from each other in point of the softening point or the melting
point, an embodiment of using thermoplastic resins differing from each other in point of the average molecular weight, etc.

(Other Ingredients)

[0078] Within arange not detracting from the object of the present invention, the molding material for use in the present
invention may contain additives such as various fibrous or non-fibrous fillers of organic fibers or inorganic fibers, a flame
retardant, an anti-UV agent, a stabilizer, a mold release agent, a pigment, a softener, a plasticizer, a surfactant, etc.

(Method for Producing Molding Material)

[0079] The molding material for use in the present invention may be produced according to an ordinary known method,
and for example, an isotropic substrate described in WO2012/105080 or JP-A-2013-49298 is preferably used. In the
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molding material using such an isotropic substrate, the carbon fibers are not aligned in a specific direction in the plane of
the substrate, but are aligned as dispersed in a random direction.

(Compression Molding: cold pressing)

[0080] The molding material heated in the presentinvention is compression-molded into a shaped product. The molding
method for producing the shaped product is compression molding by cold pressing.

[0081] In cold pressing, a heated molding material is put in a mold cavity set at a predetermined temperature, then
arranged in a mold controlled to be at a temperature of the softening temperature of the molding material or less, and
pressurized and cooled.

[0082] When putinto a mold cavity, one alone (one sheet) or plural sheets of the heated molding material are used in
accordance with the thickness of the intended shaped product. In the case where plural sheets are used, the plural sheets
may be previously laminated and heated, or heated molding materials may be layered and then put into a molding cavity, or
heated molding materials may be laminated sequentially in a molding cavity.

(Problem in Cold Pressing)

[0083] In the case where a press shaped product is produced in cold pressing, the method always includes a step of
previously heating a molding material in a heating chamber. When a molding material is heated, the oxygen gas existing in
air reacts with the thermoplastic resin contained in the molding material, therefore inevitably causes molecular weight
reduction.

[0084] In a conventional heating device, molecular weight reduction to be caused by heating in cold pressing could not
be suppressed.

(Compression Molding: hot pressing)
[0085] Next, hot pressing is described. Hot pressing includes at least the following step A-1) to step A-3):

Step A-1): A step of arranging the molding material in a mold.

Step A-2): A step of heating the mold up to the softening temperature of the thermoplastic resin or more, and applying a
pressure thereto.

Step A-3): A step of molding the material while controlling the temperature of the molding to be lower than the softening
point of the thermoplastic resin.

[0086] In the case where a shaped product is produced by hot pressing, the molding material may be, not previously
heated, arranged in a mold at room temperature (Step A-1), and then heated up to a temperature of the softening
temperature of the thermoplastic resin or higher, and thereafter given a pressure (step A-2); however, evenin hot pressing,
when the molding material is previously heated, the material is exposed to a high temperature and an oxygen atmosphere
in the heating step, like in cold pressing, and there occurs the problem like in the present invention.

(Thickness of Shaped Product)

[0087] The thickness ofthe shaped product obtained by molding the molding material that has been heated according to
the production method or heated in the heating device of the present disclosure is not specifically limited and is, in general,
preferably within a range of 0.01 mm to 100 mm, more preferably within a range of 0.01 mm to 10.0 mm, even more
preferably within a range of 0.1 to 5.0 mm.

[0088] Inthe case where the shaped product has a configuration of laminated plural layers, the thickness is not intended
to indicate the thickness of each layer but indicates the total thickness of the entire shaped product of all the constituent
layers.

[0089] The shaped product may have a single-layer configuration formed of a single layer, or may have a laminated
configuration of laminated plural layers.

[0090] The embodiment of the laminated configuration of the shaped product includes an embodiment of laminated
plural layers all having the same composition, or an embodiment of laminated plural layers each having a different
composition.

[0091] The lower limit of the thickness of the shaped product is more preferably 0.1 mm or more, even more preferably
0.3 mm or more, especially preferably 0.5 mm or mores, and most preferably 1.0 mm or more.
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Examples

[0092] Examples are shown below, but the present invention is not restricted to these. The values in the following
Examples were determined according to the methods mentioned below.

(1) Analysis of Volume Fraction of Carbon Fibers (Vf)

[0093] The molding material was heated in afurnace at 500°C for 1 hour to burn and remove the thermoplastic resin, and
the mass of the sample before and after the treatment was measured to calculate the mass of the fraction of carbon fibers
and the thermoplastic resin. Next, using the specific gravity of each component, the volume proportion of the carbon fibers
and the thermoplastic resin was calculated.

Vf =100 X (Volume of carbon fibers) /((Volume of carbon fibers) + (Volume of thermoplastic resin)) Formula (1)
(2) Analysis of Weight-Average Fiber Length of Carbon Fibers Contained in Molding Material

[0094] Theweight-average fiberlength of the carbon fibers contained in the molding material was determined as follows.
The molding material was heated in a furnace at 500°C for about 1 hour to remove the thermoplastic resin, and the length of
100 carbon fibers randomly extracted from the sample was measured and recorded to a unit of 1 mm using a caliper and a
magnifying glass. From the length of all the measured carbon fibers (Li, here i = integer of 1 to 100), the weight-average
fiber length (Lw) was determined according to the following formula.

Lw = (SLi2)/(ZLi) Formula (3)

(3) Evaluation of Appearance of Shaped Product

[0095] Samples of the shaped product were tested for organoleptic evaluation in 4 ranks. After weathering test, the
appearance of the samples was visually evaluated based on the appearance thereof before weathering test as a standard
appearance. From the viewpoint of fading, exposure of reinforcing fibers and others, the tested samples were evaluated.
[0096] In the weathering test, Super Xenon Weather Meter SX75 by Suga Test Instruments Co., Ltd. was used as a
tester. The test method followed SAE J 2527 (2004.02), and the test was continued until the irradiation energy could reach
2500 kJ/m2,

5: There was little difference from the standard appearance.

4: A difference from the standard appearance was recognized, but the resin impregnated in the fiber bundles and the
single fibers.

3: Adifference from the standard appearance was recognized, and the resin was damaged in a part of the short fibers
and therefore the appearance worsened in some degree. This is on a practically acceptable level.

2: A difference from the standard appearance was recognized, and the resin was damaged in a part of the short fibers
and the appearance worsened greatly. However, depending on use, this is on a practically acceptable level.

1: An obvious difference from the standard appearance was recognized, and the resin having impregnated in the
reinforcing fibers was damaged, and fiber bundles and single fibers with no resin impregnation were exposed. Thisis a
practically unacceptable level.

(4) Measurement of Number-Average Molecular Weight (Mn) and Weight-Average Molecular Weight (Mw)

[0097] After cold pressing, the surface layer region of the shaped product (or the central region of the shaped product:
the sample of the central region was collected from the region that ranges from the center cross section of the shaped
product to less than 50 um toward the surface thereof) was cut out to give test samples using a flat-blade knife. Regarding
the sampling weight, a whole region of a test piece of 135 mm X 65 mm was cut with a flat-blade knife to give samples for
measurement of about 80 to 120 mg each.

[0098] The molecular weight was determined through gel permeation chromatography (GPC). As an apparatus,
HLC-8220GPC manufactured by Tosoh Corporation was used; as a detector, a differential refractometer (RI) was used;
and as a solvent, CF;COONa was added to hexafluoroisopropanol (HFIP) to be 10 mM (mol/l). As columns, one column of
HFIP-LG and two columns of HFIP-806M, manufactured by Showa Denko K.K., were used. The solvent flow rate was 0.8
ml/min, the sample concentration was about 0.1 wt/vol%, and from the samples for measurement, the insolubles were
removed by filtration through afilter. Based on the resultant elution curve, the polymethyl methacrylate (PMMA)-equivalent
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number-average molecular weight (Mn) and weight-average molecular weight (Mw) of each sample were calculated.
[Production Example 1 for Molding Material]
1. Preparation of Resin Composition

[0099] A nylon 6 resin A1030 manufactured by Unitika Ltd. was used as a matrix resin, copper iodide (manufactured by
Nihon Kagaku Sangyo Co., Ltd., trade name, cuprous iodide) and potassium iodide (manufactured by Ise Chemicals
Corporation) were added thereto, and further as a black pigment, carbon black BP800 manufactured by Cabot Corporation
was added. These were kneaded with a twin-screw extruder to give a carbon black master batch.

[0100] The resultantcarbon black master batch was added to a nylon 6 resin A1030 manufactured by Unitika Ltd. tobe a
50-fold dilution (carbon master batch, 2%), kneaded and extruded through a twin-crew extruder to give a resin
composition. The amounts in part by mass of the copper iodide, the potassium iodide and the black pigment (carbon
black) contained in the resin composition were, based on 100 parts by mass of the polyamide 6 therein, 0.15 parts by mass,
0.074 parts by mass and 0.60 parts by mass, respectively.

2. Production of Molding Material

[0101] As reinforcing fibers, carbon fibers "Tenax" (registered trademark) STS40-24KS (average fiber diameter 7 pum)
manufactured by Toho Tenax Co., Ltd., which had been processed with a nylon-type sizing agent were used; as a
thermoplastic resin, the resin composition obtained in the above was used; and according to the method described in
W02012/105080, an isotropic material was produced, preheated at 240°C for 90 seconds, and hot-pressed at 240°C for
180 seconds under a pressure of 2.0 MPa kept applied thereto. Next, under the pressurized state, this was cooled to 50°C
to give aflat plate having a thickness of 2 mm, having a volume proportion of carbon fibers Vf=35%, and a weight-average
fiber length of carbon fibers of 20 mm, and this was referred to as a molding material 1.

[Example 1]

[0102] For a heating device, a circulating air oven manufactured by HK Prazisionstechnik GmbH was prepared. Two
opening sections for a supply part and a discharge part were arranged, and the size thereof was 111 mm X 1900 mm each.
The size of the heating chamber was 11 m3.

[0103] A passage forintroducing a saturated water vapor (205 in Fig. 2) was formed through the heating apparatus, and
the passage was connected to the passage (209 in Fig. 2) for gas circulated by a circulation device. 11 jetting ports were
arranged for jetting the introduced saturated water vapor (this may be often a superheated steam as heated) from the site
of 210 in Fig. 2.

[0104] Withthat, the heatingchamberwas previously heated at295°C, and a saturated water vapor was introduced from
205 in Fig. 2 at 115 m3/hr, and, while heated, jetted out through the jetting ports (in the arrow direction of 210 in Fig. 2).
Accordingly, the saturated water vapor (this may be often a superheated steam as heated) could be jetted in the same
direction as the circulating direction. The introduced saturated water vapor was a superheated steam atleast in the heating
chamber. Subsequently, the apparatus was kept stood by for 30 minutes.

[0105] Afterthus stood by, the molding material 1 was introduced into the heating chamber, and heated for 420 seconds
to produce a heated molding material. The heated molding material was put in the mold set at 140°C, and cold-pressed to
give a shaped product.

[0106] During the time period, for continuously heating the molding material one after another, the molding material was
supplied and taken out from the heating chamber every 42 seconds. Each of the opening times of the opening section was
3 to 5 seconds, and the oxygen gas concentrations were measured at 4 sites of 301 in Fig. 3. The concentrations were
averaged. The saturated water vapor introduction was carried out at 115 m3/hr, and was continuously carried out until the
molding material was molded completely.

[0107] The evaluation results of the resultant shaped product are shown in Table 1. The value of the oxygen gas
concentration varied in the range, and this is because an openable and closable opening section was used and therefore
the measured values fluctuated. The thickness of the resultant shaped product was 2 mm.

[Example 2]

[0108] The molding material was heated and cold-pressed to produce a shaped product, in the same manner as in
Example 1 except that the heating time was 600 seconds. The results are shown in Table 1.
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[Example 3]

[0109] The molding material was heated and cold-pressed to produce a shaped product, in the same manner as in
Example 1 except that the heating time was 800 seconds. The results are shown in Table 1.

[Example 4]

[0110] The molding material was heated and cold-pressed to produce a shaped product, in the same manner as in
Example 1 except that the superheated steam was introduced in the jetting direction vertical to the circulating direction of
the gas circulated by the circulation device (in the direction vertical to the paper face in Fig. 2, thatis, in the direction from the
front side toward the back side), that the oxygen gas concentration was 6 to 8 vol%, that the preset temperature of the
heating chamber was 275°C and that the heating time was 850 seconds. The results are shown in Table 1.

[Example 5]

[0111]

The molding material was heated and cold-pressed to produce a shaped product, in the same manner as in

Example 3 except that a superheated steam was not used but a nitrogen gas was used and that the preset temperature of
the heating chamber was 300°C. The results are shown in Table 1.

[Comparative Example 1]

[0112]

The molding material was heated and cold-pressed to produce a shaped product, in the same manner as in

Example 1 except that a superheated steam was not used and the molding material was heated in air, and that the heating
time was 800 seconds. The results are shown in Table 1.

[Table 1]
Example 1 Example 2 Example 3 Example 4 Example 5 | Comparative
Example 1
Molding Material
Reinforcing Fi- Carbon fibers | Carbon fibers | Carbon fibers | Carbon fibers | Carbon fi- | Carbon fibers
bers bers
Resin Nylon 6 Nylon 6 Nylon 6 Nylon 6 Nylon 6 Nylon 6
Heating Device
Heating
Chamber
Oxygen Gas 1.6to0 2.1 1.6t0 2.1 1.6 to 2.1 6108 4t05 21.2
Concentration
(vol%)
Kind of Infill Gas | Superheated | Superheated | Superheated | Superheated Nitrogen -
steam steam steam steam gas
Preset Tem- 295°C 295°C 295°C 275°C 300°C 295°C
perature of
Heating Cham-
ber
Jetting Direction | Same as the | Same as the | Same as the Vertical to Same as -
circulating di- | circulating di- | circulating di- | circulating di- | the circu-
rection rection rection rection lating di-
rection
Opening Time 3 to 5 sec- 3 to 5 sec- 3 to 5 sec- 3 to 5 sec- 3 to 5 sec- -
per one opening onds onds onds onds onds
of openable and
closable open-
ing section
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(continued)

Heating
Chamber

Heating Time
(sec)

420

600 800

850

800

800

Evaluation

(Mw1/Mn1)/(M-
w2/Mn2)

1.78

2.08 2.54

3.44

2.56

2.75

Number-aver-
age molecular
weight Mn1 of
thermoplastic
resin existing in
surface layer re-
gion

10,100

9,500 8,700

7,000

4,800

3,400

Weight-average
molecular
weight Mw1 of
thermoplastic
resin existing in
surface layer re-
gion

48,480

53,100 60,030

65,050

32,640

30,940

Number-aver-
age molecular
weight Mn2 of
thermoplastic
resin existing in
central region

17,400

17,500 17,200

17,350

17,200

17,700

Weight-average
molecular
weight Mw2 of
thermoplastic
resin existing in
central region

46,980

47,100 46,700

46,850

45,700

58,620

Evaluation of
Appearance
after weathering
test

Industrial Applicability
[0113] The heated molding material in the presentinvention is compression-molded into a shaped product. The shaped
product can be used for various constructional members, for example, inner plates, outer plates and structural members
for automobiles, or for housings for various electrical appliances, machine frames, etc. Preferably, the shaped product is
used as automobile parts.
Reference Signs List
[0114]

101 HEATING DEVICE

102 HEATING CHAMBER (INSIDE THE DOTTED LINE)
103 NITROGEN GAS OR SUPERHEATED STEAM

13
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104 OPENING SECTION

105 MOLDING MATERIAL

201 HEATING DEVICE

202 HEATING CHAMBER (INSIDE THE DOTTED LINE)

203 HEATER

204 BLOWER

205 SATURATED WATER VAPOR

206 DISCHARGE PORT

207 SUPPLY PORT

208 DISCHARGE PORT

209 PATH OF VAPOR CIRCULATING BY CIRCULATING DEVICE

210 VAPOR CONTAINING AT LEAST ONE OF NITROGEN GAS, SUPERHEATED STEAM OR SATURATED
WATER VAPOR

211 CIRCULATING DIRECTION

301 POINT FOR MEASUREMENT OF OXYGEN GAS CONCENTRATION
401 REGION WHERE SATURATED WATER VAPOR MAY BE SUPERHEATED STEAM IN THE WAY TO REACH
THE PATH OF VAPOR CIRCULATING BY CIRCULATION DEVICE

501 SHAPED PRODUCT

502 SURFACE OF SHAPED PRODUCT

503 CENTRAL CROSS SECTION OF SHAPED PRODUCT

504 SURFACE LAYER REGION

505 EXAMPLE OF CENTRAL REGION

Claims

A method for producing a shaped product by cold pressing a heated molding material (105), the method comprising
using a heating device (101, 201) to continuously produce a heated molding material,
wherein the heating device comprises:

a heating chamber (102, 202) for heating a molding material;

at least one opening section (104) for supplying or discharging a molding material therethrough; and

a means for expelling the oxygen gas existing in the heating chamber using a nitrogen gas or a superheated
steam; and wherein the opening section is openable and closable and the opening time is 1 second or more and
10 seconds or less per one opening thereof; and wherein cold pressing comprises:

a) putting the heated molding material in a mold cavity set at a predetermined temperature,

b) arranging the heated molding material in the mold controlled to be at a temperature of the softening
temperature of the molding material or less, and

c) pressurizing and cooling the heated molding material.

The method for producing a shaped product by cold pressing a heated molding material according to claim 1, wherein
the heated molding materials are molding materials for compression molding that contain carbon fibers having a fiber
length of 1 to 100 mm and a thermoplastic resin.

The method for producing a shaped product by cold pressing a heated molding material according to claims 1 or 2,
wherein the heating device includes:

a circulation mechanism of circulating and heating a gas in the heating chamber; and
a mechanism of jetting a gas containing at least one of a nitrogen gas, a superheated steam or a saturated water
vapor in the same direction as a circulating direction of the gas in the heating chamber.

The method for producing a shaped product by cold pressing a heated molding material according to any one of claims
1 to 3, wherein the heating device is provided with the means for expelling the oxygen gas existing in the heating
chamber using a superheated steam, and wherein the heating device comprises a mechanism for introducing a
saturated water vapor into the heating device under a pressure higher than the atmospheric pressure.

The method for producing a shaped product by cold pressing a heated molding material according to any one of claims

14
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1 to 4, wherein:

the temperature of the heated molding materials is a temperature higher than the melting point of a crystalline resin by
30°C or more when the thermoplastic resin in the heated molding materials is the crystalline resin, or a temperature
higher than the glass transition temperature of an amorphous resin by 100°C or more when the resin is the amorphous
resin.

The method for producing a shaped product by cold pressing a heated molding material according to any one of claims
1 to 5, wherein the oxygen gas concentration in the heating chamber is 10 vol% or less.

The method for producing a shaped product by cold pressing a heated molding material according to any one of claims
1 to 6, wherein the thickness of the molding material before heating is 0.5 mm or more.

Patentanspriiche

1.

Verfahren zur Herstellung eines Formkorpers durch Kaltpressen einer erhitzten Formmasse (105), wobei das
Verfahren Verwenden einer Heizvorrichtung (101, 201) zur kontinuierlichen Herstellung einer erhitzten Formmasse
umfasst,

wobei die Heizvorrichtung umfasst:

eine Heizkammer (102, 202) zum Erhitzen einer Formmasse; wenigstens einen Offnungsabschnitt (104) zum
Zufuihren oder AusstoRen einer Formmasse durch diesen; und

ein Mittel zum AusstoRBen des in der Heizkammer vorhandenen Sauerstoffgases unter Verwendung eines
Stickstoffgases oder eines iiberhitzten Dampfs; und wobei der Offnungsabschnitt éffenbar und verschlieRbar
ist und die Offnungszeit 1 Sekunde oder mehr und 10 Sekunden oder weniger pro einem Offnen davon betragt;
und wobei das Kaltpressen umfasst:

a) Einbringen der erhitzten Formmasse in einen Formhohlraum, der auf eine vorgegebene Temperatur
eingestellt ist,

b) Anordnen der erhitzten Formmasse in dem Formwerkzeug, das gesteuert ist, eine Temperatur von der
Erweichungstemperatur der Formmasse oder weniger aufzuweisen, und

c) Druckbeaufschlagen und Kiihlen der erhitzten Formmasse.

Verfahren zur Herstellung eines Formkorpers durch Kaltpressen einer erhitzten Formmasse nach Anspruch 1, wobei
die erhitzten Formmassen Formmassen zum Formpressen sind, die Kohlenstofffasern mit einer Faserlange von 1 bis
100 mm und ein thermoplastisches Harz enthalten.

Verfahren zur Herstellung eines Formkdrpers durch Kaltpressen einer erhitzten Formmasse nach Anspruch 1 oder 2,
wobei die Heizvorrichtung aufweist:

einen Zirkulationsmechanismus zum Zirkulieren und Erhitzen eines Gases in der Heizkammer; und

einen Mechanismus zum AusstoRen eines Gases, das wenigstens eines von einem Stickstoffgas, einem
Uberhitzten Dampf und einem gesattigten Wasserdampf enthalt, in die gleiche Richtung wie eine Zirkulations-
richtung des Gases in der Heizkammer.

Verfahren zur Herstellung eines Formkorpers durch Kaltpressen einer erhitzten Formmasse nach einem der
Anspriiche 1 bis 3, wobei die Heizvorrichtung mit den Mitteln zum Ausstof3en des in der Heizkammer vorhandenen
Sauerstoffgases unter Verwendung eines Uberhitzten Dampfs ausgestattet ist und wobei die Heizvorrichtung einen
Mechanismus zum Einfiihren eines gesattigten Wasserdampfs in die Heizvorrichtung unter einem Druck von héher
als der Atmospharendruck umfasst.

Verfahren zur Herstellung eines Formkdrpers durch Kaltpressen einer erhitzten Formmasse nach einem der
Anspriiche 1 bis 4, wobei:

die Temperatur der erhitzten Formmassen eine Temperatur, die um 30 °C oder mehr héher als der Schmelzpunkt
eines kristallinen Harzes ist, wenn das thermoplastische Harz in den erhitzten Formmassen das kristalline Harz ist,
oder eine Temperatur, die um 100 °C oder mehr hoher als die Glasiibergangstemperatur eines amorphen Harzes ist,
wenn das Harz das amorphe Harz ist.
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Verfahren zur Herstellung eines Formkorpers durch Kaltpressen einer erhitzten Formmasse nach einem der
Anspriiche 1 bis 5, wobei die Sauerstoffgaskonzentration in der Heizkammer 10 Vol.-% oder weniger betragt.

Verfahren zur Herstellung eines Formkdrpers durch Kaltpressen einer erhitzten Formmasse nach einem der
Anspruche 1 bis 6, wobei die Dicke der Formmasse vor Erhitzen 0,5 mm oder mehr betragt.

Revendications

Procédé de production d’un produit fagonné par pressage a froid d’'un matériau de moulage chauffé (105), le procédé
comprenant l'utilisation d’'un dispositif de chauffage (101, 201) pour produire en continu un matériau de moulage
chauffé,

dans lequel le dispositif de chauffage comprend :

une chambre de chauffage (102, 202) pour chauffer un matériau de moulage ;

au moins une section d’ouverture (104) pour alimenter ou décharger un matériau de moulage a travers celle-ci; et
un moyen pour expulser le gaz d’oxygéne existant dans la chambre de chauffage en utilisant un gaz d’azote ou
une vapeur surchauffée ; et dans lequel la section d’ouverture peut étre ouverte et peut étre fermée et le temps
d’ouverture est de 1 seconde ou plus et de 10 secondes ou moins par ouverture de celle-ci ; et dans lequel le
pressage a froid comprend :

a) la mise du matériau de moulage chauffé dans une cavité de moule réglée a une température prédé-
terminée,

b) la disposition du matériau de moulage chauffé dans le moule régulé pour étre a une température égale ou
inférieure a la température de ramollissement du matériau de moulage, et

c) la pressurisation et le refroidissement du matériau de moulage chauffé.

Procédé de production d’un produit fagonné par pressage a froid d’'un matériau de moulage chauffé selon la
revendication 1, dans lequel les matériaux de moulage chauffés sont des matériaux de moulage pour moulage
par compression qui contiennent des fibres de carbone ayant une longueur de fibre de 1 8 100 mm et une résine
thermoplastique.

Procédé de production d’'un produit fagonné par pressage a froid d’'un matériau de moulage chauffé selon la
revendication 1 ou 2, dans lequel le dispositif de chauffage comprend :

un mécanisme de circulation pour faire circuler et chauffer un gaz dans la chambre de chauffage ; et

un mécanisme de projection d’un gaz contenant au moins I'un parmi un gaz d’azote, une vapeur surchauffée ou
une vapeur d’eau saturée dans la méme direction que la direction de circulation du gaz dans la chambre de
chauffage.

Procédé de production d’'un produit fagonné par pressage a froid d’'un matériau de moulage chauffé selon I'une
quelconque des revendications 1 a 3, dans lequel le dispositif de chauffage est muni des moyens pour expulser le gaz
d’oxygene existant dans la chambre de chauffage en utilisant une vapeur surchauffée, et dans lequel le dispositif de
chauffage comprend un mécanisme pour introduire une vapeur d’eau saturée dans le dispositif de chauffage sous une
pression supérieure a la pression atmosphérique.

Procédé de production d’'un produit fagonné par pressage a froid d’'un matériau de moulage chauffé selon I'une
quelconque des revendications 1 a4, dans lequel : latempérature des matériaux de moulage chauffés est supérieure
de 30 °C ou plus au point de fusion d’une résine cristalline lorsque la résine thermoplastique dans les matériaux de
moulage chauffés estlarésine cristalline, ou supérieure de 100 °C ou plus a latempérature de transition vitreuse d’'une
résine amorphe lorsque la résine est la résine amorphe.

Procédé de production d’'un produit fagonné par pressage a froid d’'un matériau de moulage chauffé selon I'une
quelconque des revendications 1 a 5, dans lequel la concentration en gaz d’oxygéne dans la chambre de chauffage

est de 10 % en volume ou moins.

Procédé de production d’'un produit fagonné par pressage a froid d’'un matériau de moulage chauffé selon I'une
quelconque des revendications 1 a 6, dans lequel I'épaisseur du matériau de moulage avant chauffage estde 0,5 mm
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